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ABSTRACT
The purpose of this program is to determine the mechanism of current
flow in the solid electrolyte, rechargeable silver-zinc electrochemical cell.
This system, discovered by Melpar, and given a preliminary evaluation under
Contract NAB-5-11548, employs a solid electrolyte comprising zinc chloride
diammine, ZnC1 2 . 2NH3 . In the initial phase of the program we established
the identity and purity of the starting materials and some of the products formed
during operation. The effect of moisture on the performance of the cell has
been studied with rather inconclustve results to date. These lines of attack will
be continued during the next quarter.
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1.	 INTRODUCTION
The purpose of this program is to determine the mechanism of currant flow
In the solid electrolyte rechargeable silver zinc electrochemical cells. The feasi-
bility of using this cell as a rechargeable energy storage device has been proved in
the work performed at Melpar under Contract NA g 5-11548. In this work, it was
demonstrated that cells of this type could be operated for more than 30 charge- 	 f
discharge cycles at temperatures as low as -30° C.
The silver-zinc electrochemical system with an alkaline electrolyte (liquid)
Is not new and, in fact, offers the very important advantage of high energy density.
This is desirable for spacecraft power supplies. However, there are problems
with this system; therefore, the many investigations of the electrochemical system.
The objectives of the investigations have been concentrated on the problems
of silver migration and zinc dendrite formation. This occurs readily in the liquid
electrolyte and ultimately leads to cell failure.
In the solid electrolyte device, the object of this investigation, silver and
zinc electrodes are also used. However, the electrolyte being in the solid phase
would tend to reduce considerably the migration and dendrite problems. In addition,
cells that have been analyzed after failure indicate little, or none, of these prob-
lems has occurred. Instead, the electrolyte itself has changed structure during the
charge-discharge cycling. Internal investigations have revealed that the separator
is filled with the solid electrolyte which has been identified as Z%NH3)2C12.
After operation, the electrolyte has been found to be Z^OH) 8C1 2 , somewhat
different from the origin al material. The purpose of this investigation is to deter-
mine what effect the cycling has on the electrolyte, the effect of water is the system,
and improvement of the separator and the filling technique.
During the first quarter we followed two principal lines of attack:
a. Determination by analytical techniques of the changes taking place in the
electrolyte during operation of the cell. To this end, we prepared in pure form the
following materials previously found in cells after extended operation:
ZnC12.2NH3
ZnC12.4Zn(OH)2
ZnC12.3NH4C1
1
k
rThe compositions of these were identified and the purity determined by both
chemical and X-ray diffraction analysis. The X-ray diffraction technique is to be
used to identify changes in electrolyte composition. In a preliminary experiment
the presence of ZnC12 . 2NH3 throughout the electrolyte layers was confirmed, with
considerable ZnC123'JH4C1 at the cathode side and some unidentified material at
the anode.
b. Determination of the role of moisture in the cell oreration. Previous
experience indicated that exposure to a limited amount of water vapor is essential
if a useful current density is to be obtained. Determination of the state of combi-
nation of this water was attempted by noting the gain in weight and electrical con-
ductivity of the electrolyte material after exposure to equilibrium in a series of
controlled relative humidities and by differential thermal analysis of dry and
hydrated samples. While incomplete, the results do not establish the existence of
definite hydrates.
In an experiment the cell was operated as a coulometer. During charge,
silver chloride and zinc were formed in quantitative agreement with Faraday's
law. This result confirms the rechargeability previously observed. However,
it does not show the change in composition of the electrolyte.
r
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r2.	 EXPERIMENTAL RESULTS
2.1
	
Pr^^ration and Characterization of Materials
Prior to the initiation of this contract the following materials had been
tentatively identified as occurring in the electrolytes of several cells that had
failed:
ZnC12.2NH3
ZnC12.3NH4C1
ZnC12 . 4Zn (OH)2
Each of these was synthesized, the composi'.ion determined by chemical
anal}psis, and an X-ray diffraction pattern obtained and compared with the published
data. The data obtained will be used in characterizi:^g changes in electrolyte com-
position as the cells are operated.
2.1.1 ZnC12.2NH3
This compound serves a • ne electrolyte when the cells are assembled. To
avoid any complications, the effects of binders and separators, which are usually
hydrophobic, are not considered in the initial experiments. The diammine is
obtained by crystallization from ammonium chloride solution.
Chemical analysis was as follows:
Preparation 3759-1
	
ZnCI °LNH
Found	 Calculated3
Zins (gravimetri^ as Zn2P 2O 7)	 37.25	 38.38
37.28
37.34
Chlorine (gravimetric as AgCI) 	 42.06
	 41.62
4 2.06
Ammonia (by distillation and titration)
	 20.2Ei	 20.00
19.93
X-ray diffraction analysis was made using Cu Ka radiation on
Siemens Crystalloflex Equipment. Powder patterns were obtained by diffractometer
techniques rather than film techniques. Agreement with ASTM card 1-165 was only
fair, as shown in table 1, but considered sufficient to identify the material.
3
r
^.
rT^^BLE 1
X-RAY DIFFRACTI®N ANALYSIB OF ZnC12.2NkI3
ABT^i hard 1-166	 Preparation S7a8-1
dA	 I/I	 dA	 I/I
5.80 100
5. ?1 85
5,67 90
5.19 5
4.93 5
4.19 10
4.00 8 4.00 3
3.88 86 3.85 65
3.31 80
3.28 20 3.2 l 70
3.21 60
3.13 10
2.92 82 2.90 100
2.84 80
2.77 9
2.73 10 2.72 8
2. S4 5 2.65 10
2.46 15 2.46 2
2.33 10 2.32 10
2.21 15
2.18 15 2.18 20
2.17 15
4	 I
^ry
rTABLE 1 (Continuaed}
X-RAY DIFFRACTION ANALY$Ifi OF ZnC12.2NH3
ASTM Card 1 -165 Preparation 3?69-1
dA I/I dA I/I	 r
2.11 10 2.13 30
2.02 15 2.'J1 10
1.94 15 1.94 1^
1.88 10 1.8? 20
1.84 2
1.78 10 1. ?9 9
1.73 5 1. ?4 10
1. ?2 8
1.71 9
1.68 12 1.80 ^5
1.65 8
1.61 5 1.62 5
1.5? 8 1.57 1
1.56 1
1.54 1
1.48 1
1.4? 2
1.42 5 1.42 5
1.40 2
1.37 2
1.35 2
1.28 2
5
..
..	 _
_	 ^	 .Y
rZnC12.3NH4C1
Calculated
22.03
30
8
10
75
65
55
10
15
25
7.56
7.08
G. 32
5.68
5.04
4.87
4.48
4.29
4,02
	
7.7	 25
	
7.1
	
10
5.8 80
5.10 25
4.95 25
	
4.32	 5
	
4.05	 5
..,
2. 1. 2 ZnC12.3NH4C1
This compound has been tentatively identified as a component of the ®lectro-
lyte of partially discharged cells. It was synthesized try crystallization from a
solution containing equal weights of ZnC1 2 and NH4C1. Chemical analysis revealed
the follovring:
Zinc (gravimetric as
?n2P207)
Chlorine (gravirrietric
as AgCI)
Ammonia (by distillation
and titration)
Preparation 1.49-1
Found
let Crop 2n
_--. C=-°^
	
21.73	 21.67
	
21.84	 21.51
	
58.50
	
58.03
	
58.41	 58.16
	
17.06	 16.95
	
17.19	 16.92
59.73
17.21
The material was subjected to X-ray diffraction analysis as shown in
table 2. There is good agreement w+th the published results given on ASTM
Card 2-594:
TABLE 2
X-RAY DIFFRACTION ANALYSIS OF ZnC12.3NH4C1
ASTM Card 2-584	 Preparation 149-1
dA	 I/I 
o	
dA	 I/I o
6
_	 :^	 ^y .
TABLE 2 (Continued)
X-RAY DIFFRACTION ANALYSIS OF ZnC12.3NH4C1
___._.^
ASTM CARD 2-584 Preparntion 149-1
dA I/I dA I/I
o ^
3.95 5
3.85 35 3.85 35
3.75 10
3.52 5 3.52 15
3.15 100 3.13 100
2.95 5 2.97 45
2.94 75
2.88 15 2.87 60
2, 81 15
2.76 5 2.74 25
2.72 5 2. ?1 20
2.61 20
2.46 60 2.45 65
2.41	 ^ 12
2.38 5
2.34 2 2.34 30
2.25 15
2.19 10
2.17 5
2.13 10
2.10 10
2.05 40 2.06 20
2.01 10
1.96 60 1.96 5
1.94 10
7
1.81	 10
1. db $
1.81 10
1.78 10
1.77	 10 1.77 30
1.76 15
1.74 10
1.67 5
1.65 15
	
1.63	 5
	
1.61	 10
TABLE 2 (Continued)
X-RA.Y AIFFRACTION ANALYSIS OF ZnC12.3NH4C1
ASTAq
 Card 2-583	 Preparation 149-1
dA	 I/I	 dA	 I/I
o	 ^ r
1.57 10
1.55 10
1.53 10
1.51 15
2.1.3 ZnC12.4Zn(OH)2
.	 ---^
This basic zinc salt has been identified in some sells containing fibrous
separators. It was synthesized by ball milling the calculated formula weight of
zinc chloride (1368) and zinc oxide (3258) with 600 ml water for three days,
collecting the precipitaxe on a filter and drying at 95° C.
8	 "
^-^^_	 _	 t	 -	 _-	 ^^^	 ,
rchdmical Anaty®is
Preparation 115-1
Found
Zinc (gravimetric as Zn 2P2O7)	 5A. 56
60.02
Chlorine (^;ravimetric as A^CI)	 12.45
15.12
ZnCl2.4Zn(OH)2
Calculated
61.24 i
13.28
X-ray diffracts^n analysis i8 in good agreement with the A^Tlvi Card 7-155.
TABLE 3
X-RAY DIFFRACTION AiYALY8I3 OF ZnC12.4Z .r(tiH)2
A3TM Card 7-155 Preparation 115-1
dA I/I dA I/I
o
7.89 100 7.76 100
5.35 21 5.25 5
4. n2 21
3.93 8 3.93 10
3.89 10
3.53 23 3.53 15
3.17 3? 3.15 10
2.94 31 2.90 10
2.88 25 2.85 15
2. ?3 53 2, ?0 20
2.67 67 2.66 40
2.60 21 2.59 15
2.47 10 2.44 5
2.37 37 2„35 20
9
n .;	 .
.: ..
rTABLE 3 (Continued)
X-RAY !)IFFRACTION ANALYSIS OF ZnC12.4Zn(OH)2
ASTM Card 7-155
	 Preparation 115-1
dA	 I/I	 dA	 I/I	 r
2.17	 5	 2.16	 3
2.06	 7	 2.05	 5
2.02 22 2.01 10
1.9? 4 1.95 10
1.86 8 1.84 3
1.83 4 1.82 3
1. ?9 13 1.76 5
1.69 13 1.68 10
1.5? 15
1.55 10
1.51 10
1.43 5
1.36 5
2.2	 Composition off Electrolyte in a Discharged Cell
A 2 -g sample of the diammine was pressed fnto a pellet 27 mm in diameter
and 1, 7 mm thick, at 15, 000 lb pressure. After conditioning two days at 80% R, H, ,
the pellet was placed between electrodes of amalgamated zinc and silver-silver
chloride. The cell was discharged, then recharged and again discharged finally
with a direct short circuit between the electrodes.
The cell was then .
 carefully separated, and the following samples subjected to,_
X-ray analysis:
A-1 side of zinc electrode which had been in contact with electrolyte
A-2 side of electrolyte which had i;,een in contact with zinc
10
..
..	 .......	 .,
r^:^
B-1 side of silver electrode which had been is oontact with sit^er
B-2 side of electrolyte which had been in contact with silver.
The results, which require confirmation, indicate that, in addition to the
ZnC12. 2NH3 of the electrolyte, ZnCI? • SNH^CI appears in the zinc side, and the
AgCI originally present has disappeared completely. There is some evidence of 	 ,,
unidentified compounds, particularly at the silver electrolyte interface.
,.r•
11
:_	 ,:	
.^:. 	., .
r2.3	 Rol® of Moistu:^ in Cell Operation
2.3.1 Absorption Isotherm
._.._._
In earlier work it had be®a show^a that, after conditioning the electrolyte in
a bone dry atmosphere, th® • resistivity was so high that significant current could
not be obtained. On the other hand after conditioning at very high humidity some
liquid phase was produced.
In an attempt to establish the amount of moisture required, and its state
of combination, the w®fight of water absorbed under equilibrium conditions at
varying humidttfes was determined. The relative humidity required was produced
in a closed chamber containing a saturated solution of the proper salt. The
following series of humidities was used:
Salt	 Relative Humidity at 25° C
N aBrO3	92°J^
Zn8O47HO	 906
KC1	 86^
(NH4 )28O4
	809b
NaCI	 75^
CuC12 	67°,b
N aBr	 5 7^
Dri Rite Desiccant	 0°.b
About 0.2-g samples were weighed out in small glass beakers and placed in
large desiccators containfng the above materials. The beaker and sample were
weighed periodically and the percent change in weight calculated. The results for
ZnCI •2NH3 are shown in figure 1. Equilibrium appears to have been reached in
humidities up to 86%. The amount of water absorbed increases regularly with
increasing R.H. At 86°,^ R.H. and above, the pressure of liquid phase was observed.
At 929b R.H. the amount of water taken up fn 400 hours amounted to over 50^ of the
original sample weight. The wet sample was placed in a desiccator containing Dri
Rite and it returned to its original dry weight in 48 hours. X-ray diffraction
analysis showed the diammine pattern.
12
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The basic ®alt ZnCl22. 4Zn(OH)2 absorbed little moisture, even in 92^ R.H.
The percent moisture absorbed at equilibrium with the indicated humidity was ar
follows:
R.H.	 Percent A^orbed
_.__._
5?^	 1.5
6?^	 1.8
? 5°l^	 1.9
809b	 1.9
86^	 2.1
90^b
	
2.3
929b	 2.0
The double salt ZnC12.3NH,lC1 was also exposed to the series of controlled.
humidities. It absorbed moisture rapidly in humidities above 5'T9f^ and soon liquified
completely, similar to the behavior of zinc chloride.
2.3.2 Differential Thermal Analysis*
As another approach to the determination of the state of combination of water
in ZnC12 . 2NH3 , representative samples were subjected to differential thermal
analysis (figures 2 to 41. The followfng bands, all endothermic, were identified:
No. 1 - This is a broad band, appearing in aU samples which had been
exposed to high humidity. The upper curves in figures 3 and 4
were obtained during the initial cycle which stopped at 225° , after
which the samples were cooled to room temperature. The lower
curve was obtained by reheating without exposure to moist air.
The band designated No. 1 in the figures starts at about 60° to ?5° C
and has a minimum at about 115 ° C. It does not appear in figure 2,
which was obtained with dry material, nor in the lower curves of
figures 3 and 4 where the material was reheated. It appears safe
to conclude that this band is due to the latent heat of evaporation
of water.
*Run at GSFC with assistance of Mr. William Campbell.
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No. 2 - This band at 1500 is obtained only in samples previously reheated 
to 225· independent of previous exposure to moisture. 
No. a - A small band at about 2000, which does not appear when the 
material is reheated. This, topther with band No. 2 indicates 
an irreversible champ. 
No.4 - A large band at 240 - 250e where the material melts or decomposes. 
In order to pt son'l~ understanding of the changes above 100-, a dry sample 
of ZnCI2" 2NHS was slowly heated to 2200 and held for one hour. The sample melted 
and lost about 20% of its orilinal weight, and remained a clear glass at room 
temperatux-e. Reheating to 1700 produced no visible change. The material after 
the heating to 2200 showed some of the X-ray diffraction lines of ZnC12• 2NHS' with 
many lines missing and with other unidentified lines - Table 4. The reheated 
sample showed very little resolution as would be expected from a glass. Both 
samples were very hygroscopiC, more ltkd ZnC12 than ZnC12• 2NHa• 
The basic salt (ZnCl2.. 4Zn(OH)2) was also subjected to DTA. both before and 
after hydration (figures 5 and 6). Botti samples showed virtually identical curves, 
with two endothermic bandt, with minima at 1900 -2000 and 265·. The former may 
be the resultant Co" two band&, very close togethar. 
TABLE 4 
X-RAY DIFFRACTION ANALYSIS OF ZnCI2• 2NH3 
AFTER HEATING TO 2200 
After Heating Before Heating-Table 1 
dA II I dA III 
0 0 
5.94 50 5.71 90 
5.57 90 
5.04 100 
4.53 10 
4.13 5 4.19 10 
3.82 50 3.85 65 
3.53 50 
3.31 80 
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TABLE 4 (Continued)
X-RAY DIFFRACTION ANALYSIS OF ZnC12.2NH3
AFTER HEATING TO 220'
After Heating	 Before Heating-Table 1
dA	 I/I	 dA	 I/I
e
3.27	 70
3.22	 50	 3.21	 80
3.10	 40
2.88	 60
2.72	 90
2.33	 10
2.30
	 10
r
2.90 100
2.84 80
2.7? 8
2. 72 8
2.65 10
2.46 2
2.32 14
2.1?	 10
2.13 5
2.00 25
1.94 40
1.86 10
1.80	 10
2.21 15
L. 18 20
2.17 15
Z. 13 30
2.01 10
1.94 15
1.87 20
1.84 2
1.79 8
1.74 10
1.72 8
1.71 9
2 ].
rF^esistivity
ohm cmRes. ohms
67% 85
130
16u
125 42x103Ave rage
TABLE 4 (Continued)
X-RAY DIFFRACTYON ANALY3L^ OF ZnC12.2NH3
AFTER HEATING TO 220'
After Heating	 Before Heating-Table 1
dA	 I/I	 dA	 I/I
1.69	 'LO	 1.69 35
1.6^	 5	 1.65 8
1.62 5
1.57 1
1.56	 30	 1.56 1
2.3.3 Relation of Moisture Content to Electrical Conductivity 	 '
._ ^^.^_.
A preliminary series of measurements was made, relating the conductivity
to the Ynoisture content of ZnC12.2NH3.
The material was compressed into pellets 27 mm diameter by 1.7 mm thick.
The pellets were then put in humidity chambers for two days, after which the
resistance was measured on an ac bridge with graphite ele^^trodes.
r
0%
Average
s0000
450000
210000
250000 8.4 x 106
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- 
^^^
. ^/
,,,,,,,
^6iB^^Vt^
Q^1 Ct^f
2 x 103
	R. fI.	 Re^^. ohxn^
	
75^'a
	
60
50
?0
Averse	 0^
	
8t'^	 9.0
9.0
^. ^
Average	 8 8
	
ss^
	
lo. ^
^. o
^. o
Avera^e^
3x10`
3x102
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2.4 ^riment to Confirm Reck srg®ability
In this ^^xperiment, a cell was assembled in the simplest form in the dis-
charged state. '^ha electrolyte was ZnC12 . 2NH3, dispersed in Polyox WSRN resin
and conditioned at 90^ R.H. A film of this dispersion was placed between silver
and platinum electr^es. If the electrode reactions during charge are as predicted,
silver should be converted to silver chloride and an equivalent amount of zinc
deposited on the platinum.
	 ''
Before charge the initial potential was about 0.12 V with the platinum
positive. The cell was then placed on charge through 500 Clwith the silver as the
positive electrode. After a few minutes the charging was interrupted and the open
circuit voltage became 0.88 V with the sflver positive. The charging was resumed
with EL = 1.03 Vand I = 0.9 mA. Charging was continued for 2-1/2 hrs, during
which time the load was reduced peric^ically to maintain the charge current at 1 mA.
At the conclusion the charging potential was 1 . 19 V through a load of 300 ^ . The
open circuit voltage, E o , was now 1.00 V, and when momentarily discharged
through a 1500 load, the load voltage was 0.98 V and the current 0.6 mA. At this
point the cell had received an estimated charge of about 2 -1/2 mA hrs.
The cell was then taken apart and the layers separated. The electrolyte
was white, shout as before, and appeared damp.
The silver had a dark coating which was removed with ammonium hydroxide
with a weight loss of 0.01055 g. Acidification of the extract with HNO 3 t ; aduced a
precipitate of AgCI.
TYie platinum had a dark coating, which dissolved in HCl with gas evolution
and a loss in weight of 0.0025 g. The extract remained clear when neutralized with
ammonia. Addition of sodium sulfide formed a white precipitate of ZnB.
Based on the formation of 0.01055 g of AgCI, the charge consumed is:
0_.. 1^. or 2.0 mA hr
0.0053
Similarly, the formation of 0.0025 g of Zn requires:
0^ or 2.1 mA hr
0.0012
24
^..	 , r	,^
rThese values are in approacimate agreement with the 2 . 5 mA hr sugplied,
and the following electrode reactions appear to be established:
Anode - Ag• + C1 " ~^ AgCI + ^
Cathode - Zn' ^ ^ Zn + + + 2 ^
One cannot go beyond this at this time, since the changes occurring in the
ZnC1 2.2NH3
 during the discharge are not established.
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	3.	 NEW TECHNOLOGY
No items of new technology were developed during this period of the
contract.
	
4.	 PROGRAM FOR NEXT REPORTING PERIOD
a. Study of hydration will be continued emphasizing the relationship
between conductivity and degree of hydration over a range of temperatures.
b. Hydration experiments in which the electrolyte is dispersed in a
fibrous membrane or separator, and in a hydrophilic binder will be conducted
in parallel with similar studies of the pure ZnC12 .2NH3 electrolyte.
c. Analysis of the electrolyte after extended cycling in both charged and
discharged states, as in sections 2.2 and 2.4 will be continued and refinfsd.
d. Study of polarization of the electrodes separately will be initiated,
using a probe electrode, and by pulsing techniques.
	
5.	 CONCLUSIONS AND RECOMMENDATIONS
In this initial phase of the project some insight in the operation of the
electrochemical system has been obtained:
a. The reaction of the ZnC12 . 2NH with moisture attains an equilibrium
dependent on the relative humidity below lout 90% R. H. Above this concentration,
moisture is continually absorbed forming a liquid phase.
b. ZnC12. 3NH4C1 has been identified as a reaction product in a discharged
cell. This material is much more hygroscopic than ZnC12.2NH3.
c. As shown by X-ray diffraction, one or more as yet unidentified
materials also appear as reaction products.
d. The primary electrode reactions have been confirmed.
We recommend continuation of the study as outlined in the contract and in section 4
of this report.
r
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